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Introduction
Current threats posed by anthropogenic climate
change, loss of biodiversity and wilderness, the de-
gradation of ecosystem services, hyper-consumption
of consumer goods and resources, the accumulation
of chemical, biological and nuclear wastes, and other
related impacts of human activity require a concert-
ed response through a global science of sustainabi-
lity (Chapin et al. 2009). The global condition of
the 21st century will be defined by the disruptions
resulting from these problems (Menely 2012.478).
The threats faced by humanity are so great that all
academic disciplines are affected in some way and
all have a role to play in developing potential re-
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sponses. Given that few academic disciplines have
traditionally focused on issues of ecology or sustain-
ability, however, major challenges remain with re-
spect to how we might build a global science of su-
stainability that can support concrete policy and in-
terventions. There seems to be almost universal
agreement that our current crisis requires greater
interdisciplinarity and that sustainability science is,
by definition, a highly interdisciplinary endeavor
(Clark, Dickson 2003). While, however, there have
been numerous calls for such an interdisciplinarity
(Chapin et al. 2011; Nisbet et al. 2010), few studies
have examined the implications for particular dis-
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ciplines. Academic disciplines and scientific knowl-
edge will not by themselves be enough to bring
about the required social changes for a truly sustain-
able world. Nevertheless, there is a need to consi-
der trajectories toward sustainability both within the
academy in general and within specific disciplines.
Our present condition requires a completely new
type of science in order to enhance human well-
being and the resilience of social-ecological systems
(Chapin et al. 2011). That science must be able to
analyse complex networks of interactions between
humans and the non-human environment across an
increasingly globalised world. Research on the psy-
chology of how people perceive and react to prob-
lems must be incorporated in order to involve a
broad range of stakeholders. Finally, the ‘science’
must be proactive enough to actively shape trajecto-
ries of social change. Thus, the basic problem of su-
stainability is: “How can society transform a tra-
jectory of environmental degradation and dispar-
ity in human well-being to a more sustainable tra-
jectory that provides greater opportunity for pre-
sent and future generations to meet their needs?”
(Chapin et al. 2011.46). This agenda means that aca-
demic disciplines are not necessarily central to the
ultimate aims of sustainability science; what is re-
quired is an interdisciplinary pooling of knowledge
and the establishment of common frameworks and
meanings (Bohm 1996; Ostrom 2009; Pickett et al.
1999). However, any interdisciplinary project first
requires its constituent disciplines to engage with
the issues concerned. Furthermore, assumptions that
certain disciplines are or are not concerned with que-
stions of sustainability and the environment need
to be deconstructed in terms of the history of each
discipline.
This paper examines archaeology as a case study in
building sustainability science. Archaeology is already
very multidisciplinary in the sense that it incorpo-
rates various research fields to further its aims of
understanding the past. This paper considers how
archaeology might also contribute to inter- and trans-
disciplinary approaches that could develop respons-
es to the global ecological crisis currently faced by
humankind. The paper proposes a simple develop-
mental model with five levels of research and prac-
tice required for an effective global sustainability
science, and examines some of the challenges faced
by archaeology in moving up these levels. Although
the present paper focuses on the possible use and
implications of this model for archaeology, the mo-
del itself is designed to encompass all disciplines.
Summary of the model
The model proposed here has five levels (Fig. 1).
Level 1 comprises basic research in each discipline.
Some disciplines, such as ecology and geography,
already include a major focus on human-environ-
ment interactions. In other fields, including archae-
ology, this focus may be present, but more contest-
ed. Still other disciplines may define themselves as
having little or nothing to do with the natural envi-
ronment, although closer consideration usually
shows that this distance is spurious. Whatever the
importance assigned to research on human-environ-
ment interactions within each discipline, however,
it cannot be assumed that those disciplines will au-
tomatically concern themselves with issues of sus-
tainability (Level 2). One example here is a traditio-
nal agricultural system in East Asia wherein fish are
raised in wet rice paddy fields. This ancient system
has long been discussed within archaeology in terms
of culture history. Recent ecological research has
examined the sustainability of this agricultural heri-
tage (Xie et al. 2011), but unless archaeologists are
specifically interested in issues of sustainability, it is
unlikely that they will read such literature or deve-
lop further analyses related to sustainability. The in-
tegration of basic research with questions of sustain-
ability is by no means assured.
In recent years, Level 2 type research has begun to
appear in many disciplines where it was previously
not present, yet the mainstreaming of such concerns
is usually slow. Ecocriticism – the study of ecological
and environmentalist issues within literary criti-
cism – is one example where the shift from Level 1
to 2 occurred rather quickly in the 1990s (Buell et al.
2011). Heise (2006.506) has emphasised the “diver-
sity of political and cross-disciplinary influences”
that went into the making of ecocriticism. Such a
disciplinary shift to considering sustainability issues
requires major transformations in disciplinary goals
and perhaps also in power structures. Pathways to
this Level 2 transition probably vary significantly, de-
pending on the discipline concerned.
While Levels 1 and 2 are primarily confined to disci-
plinary research, Levels 3 and 4 require broader syn-
theses that integrate different disciplinary knowl-
edge. Level 3 comprises theoretical modelling of
how humans interact with natural environments and
also how they develop sustainability. Anthropology
has a long history of research on relations between
humans and nature (Crumley 2001), but has only
recently begun to extend this to explicit modelling
what we actually mean by ‘sustainability’ (cf. Alaimo
2012).
Archaeological implications of the model
Having briefly summarised the outlines of the mo-
del, this section will examine how it might be em-
ployed within archaeology.
Levels 1–2: basic research and environmen-
talism
Beginning with 19th century work on shell middens
and lakeshore sites, research on the natural environ-
ment has always played an important role in archa-
eology (e.g., Kristiansen 2002; Habu et al. 2011).
This research has always been very multidisciplinary
and Solli (2011.49) argues that C. P. Snow’s ‘two cul-
tures’ have been “embedded in archaeology since
the birth of the discipline.” Historical explanations
linking culture change and the environment have
been common since the early 20th century (e.g.,
Bruun 1918; Childe 1928). Since World War Two,
basic archaeological research on the environment
has been transformed by new techniques of paleo-
environmental reconstruction and by the new sci-
ence of ecology (Hassan 2004). Today, research in
environmental archaeology uses a wide range of ex-
tremely sophisticated methods.
Despite these technical advances, the role of the na-
tural environment within archaeological theory has
often been contested and post-processual archaeolo-
gy, in particular, has downplayed environmental
factors (Solli 2011; Hudson et al. 2012a). This ten-
sion over the role of nature is by no means unique
to archaeology, and Oestigaard (2011.70) argues
that since Durkheim “there has been a dictum in
social and human sciences that social facts can be
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of sustainability (Redman
2005; Hardesty 2007; Fisher
et al. 2009). Level 4 recom-
mendations for solutions/po-
licy are crucial to transform
academic research into practi-
cal ideas for change. Level 4
requires the implementation
of transdisciplinarity, mean-
ing approaches “that move
beyond the university to en-
gage members of society”
(Frodeman 2011.106). All di-
sciplines can develop Level 3
type models, but not all disci-
plines regularly develop poli-
cy recommendations beyond their immediate areas
of concern (for example, heritage preservation in
the case of archaeology). Level 4 of the present mo-
del includes both proposed trajectories of change
and suggestions about how to instigate those chan-
ges. As discussed in more detail below, the term ‘po-
licy’ in Level 4 should be understood in a broad
sense.
If the world is to become more sustainable, acade-
mic knowledge about sustainability has to be imple-
mented in concrete interventions that comprise Le-
vel 5 of the model proposed here. Few disciplines
regularly engage in direct interventions with com-
munities or individuals and those with the relevant
expertise – such as social work, community develop-
ment and occupational therapy – are sometimes
stigmatised as being less academic than more ‘the-
oretical’ disciplines. It is not suggested that all dis-
ciplines must eventually develop Level 5 interven-
tions; such work will be best performed by those
fields with the relevant experience, especially in
terms of the evaluation of interventions. Archaeo-
logy, like many other disciplines, does, however,
have great potential for participating in multidisci-
plinary interventions such as those increasingly
used with indigenous peoples (e.g., Frank et al.
2008). Furthermore, ‘interventions’ must be under-
stood in terms of each discipline’s culture and goals,
and might include museum displays, art exhibitions
and poetry readings, as well as more traditional ac-
tivities in sustainable community development.
Finally, while not shown in the model, there is a cru-
cial role for the humanities in developing critical
discourses about how the knowledge summarised
in Figure 1 is obtained and utilised. This role should
include basic critiques, including the problem of
Fig. 1. A model for the disciplinary development
of sustainability research.
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explained only by other social facts” and not by
nature and the physical world. It is perhaps for this
reason that it is only quite recently that some archae-
ologists have begun to consider issues of sustain-
ability.
The type of research included here in level 2 might
be best summarised as ‘environmentalist’, i.e., re-
search that shows a social and ethical concern for
the state of the natural environment and for human
well-being within that environment. Such concerns
appear to have developed more or less indepen-
dently in many archaeological traditions in the
1990s, including the United Kingdom (Macinnes,
Wickham-Jones 1992), Europe (van der Leeuw
1998), the United States (Redman 1999), and Japan
(Yasuda 1999). Nowhere has such research become
a recognisable sub-discipline within archaeology
along the lines of indigenous or feminist archaeol-
ogy. There is, however, a growing body of recent
work corresponding to Level 2 which suggests that
archaeology may have reached some sort of ‘tip-
ping point’ and research in this area will become
increasingly mainstream in the near future. It could
also be argued that global environmental problems
have become so omnipresent that it is no longer
possible to read ‘basic research’ in environmental
archaeology without also considering the implica-
tions for sustainability; a good example is a recent
paper on rapid climate change in prehistory by Clare
and Weninger (2010).
Level 3: synthetic models in archaeology
Historical ecology and resilience theory are two
examples of the Level 3 type human-environment
synthetic models that are used in archaeology. Hi-
storical ecology is an interdisciplinary approach that
places human history within an ecological frame-
work. Within archaeology, historical ecology has de-
veloped research that looks at human-landscape in-
teractions over the long term, often across regional
scales (e.g., Crumley, Marquardt 1987; Balée, Erick-
son 2006). Although historical ecology is not a for-
mal explanatory theory (Crumley 2013), its broad
interdisciplinary perspective has contributed to ex-
tensions into sustainability science, particularly
through the ‘Integrated History of the People of
Earth’ (IHOPE) network (Costanza et al. 2007).
Resilience theory differs from historical ecology in
being a more explicit theory of socio-ecological
change. Resilience theory is also a rare example of
a paradigm that has grown to incorporate all five of
the levels proposed here in Figure 1: basic research
in boreal forest ecology (Holling 1973) was exten-
ded to social-ecological systems (Berkes, Folke 1998;
Folke et al. 1998), and then to broad theoretical mo-
dels of sustainability that include policy recommen-
dations (Gunderson, Holling 2002) and some inter-
ventions (Walker, Salt 2006). The long-term time
perspective of archaeology is crucial to resilience
theory (Redman 2005). So far, only a few archaeo-
logists have attempted to develop formal archaeolo-
gical analyses using resilience theory (e.g., Redman
et al. 2009; Butzer 2012; Dunning et al. 2012; End-
field 2012; Rosen, Rivera-Collazo 2012; Hudson
et al. 2012b), but there is a growing interest in the
broader issues of resilience and vulnerability within
archaeology (e.g., McAnany, Yoffee 2010; Cooper,
Sheets 2012). Although further research is needed
on methods of measuring resilience in the archaeo-
logical record, archaeological applications of resili-
ence theory are important for sustainability science
since they identify factors that promote or reduce
resilience in particular contexts, thus enabling the
discipline to move up to the next level of solutions
and policy.
Level 4: archaeological research and envi-
ronmental solutions
Although archaeology and other historical sciences
have a long tradition of Jeremiadic warnings of so-
cial collapse, only quite recently has serious inter-
est been shown in how past societies managed for
sustainability in order to avoid collapse. Any pro-
gramme aimed at fostering sustainability clearly
needs to develop suggestions about what needs to
be done. Such suggestions can be broadly described
as ‘solutions’ which are instigated through ‘policy’,
but these terms need further explanation in the con-
text of archaeology. Like many other disciplines, ar-
chaeology has not traditionally taken a direct role in
formulating policy on the management of natural re-
sources, although there are some exceptions, inclu-
ding work on applied zooarchaeology (Lyman, Can-
non 2004). In order to consider what archaeology
might contribute to sustainability policy, we first
need to examine what such ‘policy’ might entail.
Sustainability solutions are not simply polices and
regulations enforced by governments, but collabo-
rative frameworks aimed at “social-ecological gov-
ernance”, defined as the “Collective coordination
of efforts to define and achieve societal goals re-
lated to human-environment interactions” (Cha-
pin et al. 2009. 351; Young et al. 2008). A range of
collaborative social mechanisms are required to link
institutions with social-ecological systems and adap-
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tive learning (Kofinas 2009). These mechanisms in-
clude fostering innovation and diversity, promoting
social capital and social memory, valuing ecosystem
services, supporting community belonging and a
sense of place, paying greater attention to slow dyna-
mics of change, and planning for surprises (Folke et
al. 2003, 2009; Walker, Salt 2006; Kofinas 2009;
Adger et al. 2011). Archaeology has much to contri-
bute here in terms of public engagement in commu-
nity and conservation, fostering a sense of place,
promoting social capital through heritage, and in-
creasing our understanding of the long-term dyna-
mics of social-ecological systems. However, it is as
yet unclear quite how such contributions might be
implemented. The use of public archaeology in en-
vironmental education is one obvious approach, but
little such work has so far been conducted (Hudson
et al. 2012a).
Level 5: archaeology and interventions
Although it has been suggested that archaeology has
great potential to contribute to social-ecological go-
vernance for sustainability, this will be an unfamil-
iar and perhaps uncomfortable role for many ar-
chaeologists. Some archaeologists – and no doubt
many other scholars in the humanities – may regard
policy prescriptions and social interventions as not
academic or even utopian. To some extent, such
thinking reflects the failure of the academy to reach
the public through universities and other institu-
tions where “The transmission of knowledge to
society [is] understood as largely automatic in na-
ture, and commonly devalued as ‘dissemination’,
‘outreach’ and ‘dumbing down’” (Frodeman 2011.
107). In order to build a science of sustainability we
certainly need to become better at communicating
our research results. Yet this paper makes no claim
that all disciplines must develop policy and inter-
ventions in the same way. Recent research in sus-
tainability science stresses the need for multidisci-
plinary collaborations through which the public is
“(1) empowered to learn about both the scientific
and social dimensions of climate change, (2) in-
spired to take personal responsibility, (3) able to
constructively deliberate and meaningfully par-
ticipate, and (4) emotionally and creatively en-
gaged in personal change and collective action”
(Nisbet et al. 2010.329). Archaeology has the po-
tential to contribute to all of these goals. Like many
disciplines in the humanities and social sciences, ar-
chaeology has often adopted committed positions
of social advocacy and praxis (e.g., McGuire 2008),
and by their very nature such disciplinary commit-
ments can contribute to shaping social trajectories
toward sustainability.
Conclusions
This paper has proposed a model for the discipli-
nary development of sustainability research (Fig.
1) and discussed some applications of the model to
archaeology. The discussion suggested a number of
preliminary conclusions. Firstly, although the cur-
rent crisis in global sustainability may tend to favour
research associated with the higher levels in Figure
1, the continuing importance of basic research
should be emphasised, since that research forms
the foundations for the other levels in the model.
Secondly, the move from Level 1 to 2 is often influ-
enced by idiosyncratic historical factors within each
discipline, yet the broad cultural context is crucial,
and many disciplines seem to experience a ‘take-
off’ when issues of sustainability become widely de-
bated. Opportunities for communication between
disciplines are probably important here. However,
fields – like archaeology – where the role of the na-
tural environment in Level 1 research is contested
may be much slower in this respect. A third conclu-
sion is that, while Level 5 type interventions are ul-
timately crucial, disciplines such as archaeology
need to consider further what such interventions
might comprise for their particular areas of exper-
tise and public interest.
Different disciplines bring different strengths and
expertise to the model proposed here, and a truly
sustainable future will be best supported by a diver-
sity of approaches and the synergies between them.
At the same time, academic disciplines form the pri-
mary organisational units within which research
and outreach is conducted. Although the boundaries
between disciplines are currently changing, due to
both increasing specialisation within disciplines and
integration between different fields (Pohl et al.
2008), the existing disciplines are a realistic start-
line for building sustainability science.
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